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Intact skin & epithelial surfaces 
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Bacterial products that 
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Bacteriocin prod. 



Established normal flora 
aren't displaced 
by incoming microbes 
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Consume nutrients 
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Neutrophils 
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Macrophages 


Dendritic 

cells 


Natural killer cells 
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Inflammation in mucosa 


( IC Killing) 
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concentrated at the site of infection or tissue damage 



Eradication of infectious agents 


Chemical 

signals 
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move Into area 



Blood vessel 


o Tissue Injury; release 
of chemical signals 
such as histamine 
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leakiness of local blood 
vessels; migration of 
phagocytes to the area 


Phagocytes 
(macrophages and 
neutrophils) consume 
bacteria and cell debris; 
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T Capillary permeability 
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Structure 


recruited out to tissues (when need ed) 
i-Bilobed nucleus 




ii. Acidophilic granules containing: 

Hasic protein 


Mast cells 


Fixed in tissues :under skin, mucosa of RT&GIT 


i.Round nucleus 
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granules containing : 
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Activated (in cascade manner) by microbial surfaces (Ags) 
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DirectMysis 


Enhance phagocytosis 


of bacteria 


(C3b is^opsoninj) 


Degranulation of mast cells & basophils (C3a&C5a) 


emotaxis 


(C5b6789) 


t vascular permeability & recruitment of phag.cel 
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A process in which an org. 


is rendered more susceptible to * 


phagocytosis by coating an 


opsonin (blood serum protein) 


/ 


r?* 




rfcSV 


- r 


r 


- 1 


& 
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Direct bacterial lysis 
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From liver 


Examples 


under effect of TNFa,ILl&6 


^ C-reactive protein 


functions 


Mannose binding proteinjlectin) 


/. Enhance phagocytosis (opsonins) 


ii. Complement activation 
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CompI, 


Bacteria 




C y t okines 


Low MW& soluble proteins 


Produced in response to injury by microbes 


Allow cellular communications 


Cytokines regulating innate immnunity 


Produced mainly by MQ & dendritic cells 


Inflammatory cytokines 


Interferons 


Chemokines 
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Produced^ mainlyfrom MQ and DCs ( 
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on recognizing microbes by PAMP receptors) 


i.MQ & dendritic cells 
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ii.Endothelial cells 


Local 

inflammation 

Endothelial cells 


Systemic 
protective effects 


Systemic 

pathological effects 
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i-Acute inflammatory (phase) response 
mdothelial cells : VD ( f permeability )&activation of coagulai 
b.Regruitment of neutrophils to site ofinf.&their activation 

cXiver : synthesis of acute phase proteins 
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d.Hypothalamus 
e^Muscle wasting 


Cachexia 


ii-Tumor 


necrosis 
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differentiation 

b. © Th cells 
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molecute pemeabfity 
Endothelial cell 


TNF 


TNF 


Endotnelial 
blood v et 


Leukocytes 


proteins 


TNF, 
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Thrombus 
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permeability 
Multiple tissues 
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Activation 
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wasting 


3-1 L6 


4-Chemokines 


i.MQ , dendritic cells & endothelial cells 


Th2 

inflammatory response : a, b &c (M) 


ii.T cells jplatelets & fibroblasts 



_ j. • 

t M 1 

■P \ 


’ * ? f 

* . *% , 


Functions 


ii. @ of adaptive immunity 

B cells-*. Proliferation & differentiation into plasma cells 


Migration of neutrophils & lymphocytes 

from blood to site ol infection 




iKi 


J 


V 






' i 





LV 


■’+ “H 




* * 




" * 


] ’ 


‘r- 




MSS 


■i 


* i * 







* •-» 



, h 




r jf 


l i v 


* k_fi 


gin 


B M 


& MO 


P r o g e n j t or cells 


most abundant WBCs in blood H 
phagocytic cell that encounter the infection 

migrate into tissue spaces 

T in n= in acute bacterial infections 
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Dendritic— branched like a tree 
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Neutrophils adhere to endothelium (Adhesion) 


Integrin activation 
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Stable adhesion 
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vasodilatation 



' A&b ^also by histamine from mast cell) 
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Loosenmg junctions between endothelial cells 


^ vuuumcuai cells 

Squeezing of neutrophils [Extravasation or diapedesls) 
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Recognition 



Uptake 


Outcome 


Recognition 



microbes 


by pattern recognition receptors (PRRs) of phagocytic ceils 
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Site 


Funtions 


Example 


Cell surface 


Recognize PAMPs 


Toll-like 


Bacterial cell 
wall I 


TLR 


[Extracellular | 


Endosomes 


(pathogen-associated molecular patterns) 


receptors 


Charecteristic structures of microbes 


(not present in mammalian cells) 


(TLRs) 



Plasma 

membrane 


that can't be lost or mutated 



Bacterial 


Viral 


trull n^iu 



Techoic acid 


DNA 


t ft 



Endosoma! 

membrane 






p t a k e 

of bacterium to cell surface 
Ingestion of bacterium 
forming a phagosome 
Moves towards lysosome 

Formation of phagolysosome 


Oxidative killing (burst) 

Molecular 0 2 

Myeloperoxidase I Oxidase — 

Or,OH & H2O2 (ROS) 

Killing of org. 


Mtetob*, bind to 
pNagocyt* racnpUira 
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Killing of m krrobo by ROS and HO 


IC Killing 


Produces conditions within 
phagolysosomes necessary for 

activity of proteolytic enzymes 

- Outcome of phagocytosis 


Non oxidative killing 

Activated MQ produce 

proteolytic enzymes 

in phagolysosomes e.g elastase 

Destruction of 


Neutrophils 

Destroy phagocytosed particles 

completely 


Dendritic cells & MQ : APCs 

Retain fragments ( Ags) 

Present it to T cells (adaptive 
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WttQtUration of immune cells 

A- Bone Marrow 

1-Development of all immune cells 
Contains pieuripotent stem cells 

Differentiate into cells of IS 
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Site 

In front of heart & 
behind the sternum 


2 - Matu ration of B cells 

B- Thymus 


[ffl 


Developement 

Fiilly developed at birth 



Grows unt i 1 p uberty 



Shrinks 




Function 

Maturation of T cells 

T cells learn to differentiate between se// (body's own cells) &. 
non self ( foreign objects, organisms, or diseased cells) 
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cells recognizing self cell as foreign are destroyed 
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Sites where immune cells 


meet, interact & 


perform their functions 


1 -Spleen 




2-Lymph nodes 


A- Cellular contents 


i. MQ , dendritic cells &lymphocytes: T, B & NK cells 


B-Functions 


1-lmmunological filter of blood 


Removes any foreign material 


1-Sample incoming lymph 


or damaged cells 


| d rained from tissues) 


Remove any foreign material 


2-Site of <E> of mature (naive) B &T cells 


Differentiation into effector cells 


From 

thymus 


Naive From BM 
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Ja 






HI 


Effector 

Tfymphocytes * 
and anlibodiesb r 


T 


Activation of 
lymphocytes and 
ini Oation of adaptive 
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Migration of effector 
cells, and blood 
delivery of antibodies 
to site of Infection 


3-Mucosal associated lymphoid tissues (MALT) 


> 50% of lymphoid tissue in the body 


Diffuse collections of phagocytes & lymphocytes 


Well formed lymphoid follicles 


Jn lymphoid tissue lining GIT, RT& GUT 


Tonsils, Peyer's patches & appendix 
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Responds immediately 

defense against infections 


1-Time of action 


Takes time to be stimulated by Ags 


Provides protection when 


into effector cells 


innate immunity fails 


Both innate & adaptive immunity collaborate 


Non specific 


2- Speciflcit 


to eradicate infection 
^QQjftstcin£ invoding pathogen 


React to structures common to many microbes 


Specific 


Memory 


Distinguishes between even closely related microbes & molecules 

Each^&T^ceUjeacts only with Its specific Ag 


same magnitude 


Yes 


Stronger & faster response due to memory cells 
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Compare between characters of imu 
How can MQ recognize pathogens 7 

i-By PRRs rexplain . 


Essay Questions 

lte & adaptive immunity. 


to pathogens. 


f opsonin rec eptors : recognize opsonins (C3b,IgG) bound 

3-How can MQ Kill pathogens? 

4 Give a short account on sources & functions of IL1 OR TNF a , OR 
5- Give reason : 


- Normal bacterial flora are part of innate immunity 

- Recruitment of neutrophils from BVs to site of infection 
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I-Origin of Tl ‘ 

From stem cells in BM 
Circulate in blood as immature thymocytes with no surface markSs 
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A-Structure of thymus 


CD molecules 

(cluster of differentiation) 
♦ Surface markpn: 
given numbers : 1,2, 3 f 4„... 
♦Each immune cell 
has specific CDs 
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Outer cortex 

^■Packed with 
immature T cells 


Inner medulla 

T cells pass into it 
during their maturation 
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Both are packed with a network 

formed of epithelial cells, MQ & DCs 
Interact physically with thymocytes 
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B-Thymocytes differentiation 

Thymocytes differentiate into 2 types of T c 


T helper (Th ) : CD4+ cells 


l-% of circulating T cells 


60-65% 


30-35% 


2-Surface markers 


a-TCR complex : i.T cell receptor (Ag R) ii.CD3 


b-CD4 


b-CD8 


3-MHC restriction 


Recognize 


MHC 


Pept«de ^ 
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association Pepticte . 


with MHC 




T cytotoxic(Tc) : CD8+ cells 
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Mature T cells released from thymus 


are cd 


naive lymphocytes ( have never 


encountered Ags) 


Circulate to 2ry L.O 
to be @ by professional APCs 

( MQ, dendritic cells & B cells) 


Lymph 
node 


ufrourX < f ol,s circulate" 

'X m Ph nodes 
ancT find antigens 
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Activation of 
naive T cells In 
lymph node, 
development of 




Effector cells 


Effector CD 4+ cells : Thl&Th2 
Produce cytokines that© MQ&B cells 


i ! lector CD 8 + ; CTLs i ( ' ; otoxic T h mphocytes) 

Kill infected cells 


CD4+ 
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A-Structure & Diversity 


Structure 


Formed of a &P polypeptide chains having : 


C region 




Diversity 

gti* Millions of T cells exist 
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Anchored to CM & 


V region recognizes 
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*T cell receptor 



extends into cytoplasm 


Specific peptide Ag Part of 
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+ ve selection 


•ve selection 


T cells expressing TCR that 


TC$ expressing TCR that 


T cells expressing TCR that can 


recognize self MHC mol. 


don't recognize 


Thymus 




are selected to survive 


self MHC mol. 
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hnportance 


Role in Ag presentaHnn 


Are special inherited self proteins on surface of nucleated 


Distinguish one individual from another 
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\I1 nucleated cells (including professional APCs) 




❖ Absent on RBCs 


Possible blood transfusion 
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MHC class II mol. 


rofessional APCs 


J3MQ 


C* i levels on sperms & trophoblasts 


Possible conception & child bearing 


(mother doesn’t reject genetically different 


paternal cells or fetus) 
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MHC class I mol 


MHC class II mol. 



Each mol. (protein) is formed of 2 polypeptide chains : a & p 

(non covalently linked) 


in : 3 domains (a 1 , 

ii . /?2 microglobulin 


i . a chain : 2 domains (al & a2) 

ii . p chain : pi& p2 





Foreign peptide (Ag) 







MHC Class I 


MHO Class II 



'¥V 


.’■in *» 
i 1 nVi 



\ 

n\ 





L . mC — - -~’1 


jjit jr— . 





1 


J 




u 




MHC Class I mol. 


MHC proteins are coded by multiple genes on short 

3 genes : A, C&B 


MHC Class II mol. 


3rm of chromosome 6 
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genes : dr ,\dcA& dp 

person has 2 sets of these genes : 1 paternal & 1 maternal 

3 Alleles '"honied Iron, both parents are codominantly expressed in each individual 

4-MHC genes are the most polymorphic genes in human genome ' 

A gene : 240 alleles B gene: 470 Cgene : 110 j D/? gene: 350 alleles 

c f 3 4 rn c 

-Outcome of MHC gene expression in different individuals iMH 
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Synthesis of polypeptide molecules : 
i. Different in amino acid sequence 

ii. Carry same function a> c >*. 
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Rejection of transplanted organs 




cUis- I v<: II on donor tissue transplants are recognized by IR of recipient 

Transplant killing & rejection 
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tnolmust he closely matched as possible between donor & recipient 
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DR4 in pts with rheumatoid arthritis 


I s 


? is present in only 10% of normal persons) 
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1- Recognize any microbe via PAMP receptors l PRR) 

^^^VBhagocytose & kill it (phagocytic cells) 


2 -inti ammatt on 



Acute inflammatory response 
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Chemotaxis of neutrophils & T cells 

II. 8 


3 -Activation of T ceils : by 


Molecules 
produced 
In activated 
macrophages 


t ■ i> 


Effector 
functions 
of activated 
macrophages 
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(TNF, 
IL- 12 ) 




Killing of 
microbes 


Inflammation, 

enhanced 

adaptive 

Immunity 



Ag presentation 
IDigest phagocytosed particle 

into fragments 
by special enzymes 
Fragments are associated with 

MHC class II mol. 


Production ofIL 1 ( ©Th) <6 IL 12 (induce formation of Thl) 


Protein Ag 
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Transported & displayed on cell surface 

Recognized by CD4+Th cells 
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Activation 






Professional APCs (MQ , dendritic and B cells) ingest microbial proteins (Ags ) 


iV^ /(2 



Fragments are associated withM ! IC class II mol. 


Transported & displayed on cell surface 


Hecognized by Cl)4+Th cells 


With 




phngocyloMd) 


LctMfod MHCprotctn 
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A-Recognition of Ag 


H«lper T ceil (T M )_ + Signal 


Interacts with MHC mol. class II 


Transmitts 1C 


intlg«n (Ag) 


m MHC Class II mol 


Stabilizes interaction of TCR 
with its specific Ag 

2- Co-stimulatory molecules needed for activation 


activation 


on APCs 


Antigen-presenting 
c*ll (APC) 

■-g. M»croph»g« 


MHC II 


Interacts with 


ii.ICAM-lon 


1 nteracts with 


(Intercellular ad.mol.l) 


Interacts with 


CD40L on activated Th cells 


iii.CD40 on 


Activates 


iv.ILl from 
& dendritic cells 


CD401 


NB Anergy 

If TCR interacts with its specific Ag 

& costimulatory signals don't occui 


stlmulit 


ntlng c*ll 


antigen-presenting c*lt 


Anergy (unresponsiveness) 







Once activated 



Effector cells 




A-Clonal expansion 


tAPQ 



naive T cell replicate 
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ILl 


Tn= of Ag specific T cells 
Cope with microbial replication 

B-Differentiation into effector cells 
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& memory cells 
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For rapid elimination of Ags 
Secrete different cytokines 


IL2 &IFNy 
MO,NK,Tc&B cells 


IL4,5,6,10&13 
® Blcells, eosinophils 

Helminthic immunity &allergy 


Memory cells 
Responds faster & stronger 

on encountering same Ag later in life 

^ Comparison between Naive T cells & memory T cells 





Naive T cells 

1-Generated 
and act 
during lryIR 


Memory T cells 


Generated during lry IR but remain inactive 

Activated in 2ry IR 

Faster & vigorus response on re-exposure 
to same Ag even eve after years 



2-Require more.Ag & 
more costimulation 


Require Less amount of Ag & 
less costimulation 



3-Produce less 


cytokines 


Produce greater amounts 

of cytokines 
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Activation 



Cells infected with IC pathogens : 






ir 



synthesize 


' or Ic bacteria (e.g Mycob. TBJ) 


new v iral or bacterial proteins (Ags ) in their cytoplasm 


CM of Infected cell 



Degrade it into fragments (peptides) by 


enzymes 



Fragments 



associated with MHC class / mol. 


Transported & displayed on cell surface 
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Recognized by CD8+CTLs 
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Structure 



Newly synthesized proteins 


expressed Ag 


from IC pathogens 


Fragments of 


phagocytosed particles 


CD8 


&TCR 
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lymphocytes 


CD4 mol&TCR 


on Th lympi 



Antigen 
fragment 






Class I MHC 
molecule 





T cell 
receptor 




(a) Cytotoxic T cell 
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♦ICB eg TB survive 


Mostly inside normal cell 


In MQ 


Infected cell must be killed MQ must be activated by IFN from Th 


by CTL & NK 


Activated MQ kill phagocytosed ICB 


♦VIC must be killed by CTL & NK 
(to© viral multiplication & spread ) 


In 


In case of 1C pathogens, APCs present Ag with both MHC class It&l 


© both Th & Tc 


of EC pathogens, APCs present Ag with MHC class II only 


© Th only 


ECB { most of bacteria) : live mostly outside the cell 




Helper CD4+ T cell 


CDS + Tc cell i 

Cytotoxic CDS* T cel! 














A-Recognition of 


its specific Ag presented 


Interacts with 


Transmitts 1C 


Proc0s&«d 
Antigen (Ag 


in MHC Class II mol 


Stabilizes interaction of TCR 
with its specific Ag 


P2 -macro 
globulin 


activation 


signal 


B- Co-stimulatory molecules needed for activation 


Interacts with 


CD28 on Tc cells 


Interacts with 


ii.ICAM-lon APCs 


Interacts with 


CD40L on 
activated Tc cells 


iii.CD40 on APCs 


APC „ Costimulalof 


Activates 


CD4* hetoei T cell 








replicates ^different! 


f -lector C ! Ls 


Memory cells 
Responds faster & stronger 

on encountering same Ag later in life 


recognition & costimulation 


Costimulatory molecules 


recognizes endogenously synthesized Ag 
in association with MHC class I mol 
on the surface of target cells 


Interacts with 


i nteracts with 


(canctf«a i vnlV infected cell) 
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MFC-Encoded 

Protein 


Cortaiiufeion 


Helper T.Cell 


- Class I 
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Peptide 

T cell receptor 
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Cytotoxic T Cell 
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v Occurs by apoptosis by 


or 


Perforin pathway 

On binding to target, CTL granules 

Release of perforins & gmnzymes I 


one of 2 ways 



fuse with its CM 
into intercellular space 


Activated CTL 


CD95 or Fas-FasL pathway 



FasL protein( CD 95L) 


Perforins form pores in target cell 
Granzymes enter the cell 
Apoptosis 


with Fas protein on target 
(Transmembrane receptor 

Apoptosis 


* Kil,ed target cel1 is Phagocytosed & destroyed by surrounding MQ 

Destruction of any microbe (e.g virus) inside it 
NB. CTLs secrete small amount oflL2 & IFNv 


pathway 
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Apoptosis 
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Large granular lymphocytes 


Maturation 


BM 


Markers 


♦ CD16 


♦ CD56 


F u n 


1 -Direct EC killing (cytotoxicity) 

■i — -- 


large particles 
e.a VICsxe 


Importance 


ii. Target recognition : recognize cells that 
Express 


altered 

self 


Don't express some self molecules 1 

Some VI Cs, cells with ICB & tumor cells 
have absent or 4^ MHC class I expression 


as a mechanism of survival 

molecules 

P / 

hljqfrt cA/rJlKt 

iii.Mechanism of killing : perforin pathway (M) 


Release NK from a normal state of inhibition 


2- Secrete IFNy 

Activates MQ to kill phagocytosed 1C pathogens 


IL12 from MQ 


! L2 & IFNv from Thl&CTL 
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Attacked 

by CTL 
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Transformed or tumour cdl 
(lacks MHC dass I motecute; 
Virus -infected cell 
(downraguiated MHC dass I 
expression) 
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NK cell 


tumor 


Killing 
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Virus-Infected 

cell 


Killing of 
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^a |IFN- Y | 




Macrophage with 
agocytost 
microbes 
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1 “Maturation 
2-Target 
recognition 


3-Mechanism of killing 


4-IL2 production 


5-Memory cells 






i.Ag specific : by TCR 


li.Recognizes target 

expressing MHC class I 

foreign Ag 


CD95 or Fas-FasL pathway 


Yes 


Yes 


^ 

l.Not specific: recognize cells expressing altered molecules 

ii. Absence of MHC class I releases NK cells 

from a normal state of inhibition 
NK recognize cells in which ICB or viruses or tumor 
■l MHC class I expression as mechanism of survival 


V 

^ . 


v’ I 


1- Targets : VICs , Cells with ICB & tumor cells 

2- Kill by perforin pathway. 

3-Produce IFNy which© MQ to kill phagocytosed IC org. 

4- Stimulated by U.2 from Thl 
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j On Mq (main) 

^ ^ cidal activity 
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//. ^Ag presentation 
; Ag processing 
♦1" expression of MHC class!, II 
& costimulatory mol. 
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B-Functions 


2 -On Thl 


‘t v differentiation &+ve feedback : 
IFNy produced from Thl 
© MQ&dendritic cells 
More IL 1 2 production 
More Thl &cet> generation of Th2 


p- 


3-0n B cells 
/. Proliferation & differentiation 

into p asma cells 
secrete Abs 

iiJsotype switch to IgG 

Complement activation 
& opsonization 


4-0n NK 


& CTL 


Enhance 

activity 


Positive 



TL-12 




IFN 


Naive 
CD4+ T cell 
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A-Sources : Thl(main) &CTL 


B-Functions 


On NK 


On Tc 


On Bcells 


into CTL 


Activation Differentiation /. Proliferation & 

diff er en tia tion 

into plasma cells 

secrete Abs 


On Thl 


On MQ 


/. proliferation Activation 
ii-Tcytokine 
synthesis 


A-Source : Thl 
B-Functions : as TNFa 


Q neutrophils & endothelial cells 


Coagulation &inflammation 


IL12 : Link between innate & adaptive immunity 

A-Source : MQ & dendritic cells 

B-Functions 

1 -© NK cells 

'I' cytotoxicity &T" INF y production 
2- (7 ) Differentiation ofTh into Thl 

I F N v 


Prolif.&tcytokines 






Hwfleps 




Cell-Mediated lininuni 


1112 


Thl 


IFN-gntiuna 


Immunity against: 
Viruses 
ICB 

Tumor 


Tumor Cells 
Virus Infected Cells 


i Different, into 


tnvimlnllk 

Cfeflaetivtr 


Kill Phagocytosed 
ICB 
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CD4 

5-10% of CD4+ cells 
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TCR 

Ag specific 

B - F u n c t i 
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1 - Immune suppression : by inhibitory cytoki 


a.On MQ 


b.On T cells 


c.On B cells 


IL10 

| IL 12 production 

ii.f MHC class II &costijnulatory mol 

i. J, IFN y production from Thl 

ii.| expression of costimulatory mol. 


iresentation 

1WF - G:*/rur0^j 



(transformin 


Inhibition 



O proliferation & functions 
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2 - Prevent autoimmune ds 
O self reactive clones that escaped - ve selection H 


-4 ( Cytotoxic 

Appears on activated T cells (CD4+& CD8+) 


Ag > protein 


Binds B7 instead of CB28 


Q T cell activation 








' “'i. 

t/H 


iW 

p'\ 







rt r 










/ 


i 



























j:»x 

i'f I JU 


■/•i 


’ 

4 A ££ 
* f / 


:r>.* 


'% ; .jr 

.-jjt/ - /•: . 
''■* ... -> 


Jfc.il 

- f 


I 


•» ; ' 

L * h -I * 

‘ ■ \ l 

t *j , < , ,-Vl 


. j J . 

* I* S 


•* J j 


2fv,y? ^ 

» pi 

41 * *, 

f S‘ 


M- 

*? f ’ 4 % 

- * 1 


* f 


L 




<g 


Itlllf 


c w o b i 


i if 




' eaifriii 


i r 



inliittte mlcroboi 


K. h.K ( r*rli| 


r 


It 


ti 


ill 


CM l main hum 


(Ml main Imm, 


Humoral only imm, 





1 luiutmil main hum. 


I n 


tot* 




1iki tn unity 




NK colls 


l * 1 neuiopliJIs 

tli (in MQ ingest bacteria 

Try to 
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CD MQ 


having absent or 4/ 
MHC class I expression 

as a mechanism o f survival 
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Rules of defense against m ic 

Adaptive immunity 
^bs * Memory cells 

>es Protection from subsequent inf, 

Types of microbes 


nace immunity 
Early response 


Survival of microbe in host 
By evasion or resistance 


IC bacteria 
MI only imm 


Parasite 

Humoral main imm 


Kill cells with ICB 
having absent or 4* 
MHC class I expression 

as a mechanism of survival 

Release NK from 
a normal state of inhibition 


Tumor 


Produce IFNy 

O MQ 


is* neutophils 
then MQ ingest bacteria 

Try to destroy them 

Pathogenic ICB 
resist degradation 


Killing 


phagocytosed 


ViruS'infocled 


Killing of 
Infected cells 


Control of Infection 


S Innate immunity only 
limits bacterial growth 
for sometimes 

Eradication requires CMI 


Eradication 

of Infection 


Macrophage with 
phagocytosed 
microbes 


Killing of 
phagocytosed 
microbes 


Adoptive Immunity 


Innnto Immunity 


Dava after Infection 
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I Viruses 

1 Fungi 1 

EC bacteria 1 

1 CMI main imm. 

1 CMI main imm. ] 

Humoral only imm. 1 
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MI is the main immunity against ICB 


CTL kill cells 
infected with ICB 

as they express foreign Ag 
in association with MHC class I 


fhl sei rete IFNy 

<S>MQ to kill 

phagocytosed 

IC bacteria 


* Pts with CM I deficiency (e.g AIDS) 
are highly susceptible to infection with ICB 


Disruption of phagosome 

Escape into cytoplas 


oalcios QncJ oytoplo» m 


** ..- pFNwyl 


coll 
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Viable 




in 


SV 


Killing of 

bacteria In 


Infected cell expressing 
MHC CLASS I + Ag 


Killing | 


Inhibition of 

phagolysosomes formation 


Inactivation of 
reactive 0 2 &N 2 metabolites 


e.g Listeria 


e.g * Mycobacterium TB * Legionella 


* 

needed for IC killing 








Typ 




Source 


IFNa 



♦MCs 


IFNp 

•^Fibroblasts 

*VICs 


Functions 


The most potent antiviral cytokine 

1 

G Viral replication 




Enhance killing of VICs 


( antiviral state) 

in both infected & 
uninfected adjacent cells 
shutting down protein syn 



© nk 


|HBp ♦ 

'texp.of MHC class I 


CTL 


Recognized d 
bv CTL 


NK cells 

Kill VICs having 

absent or 4, 
MHC class I 


i nt 
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Innate imm unity 

TypeL# 

1FN 


Virus 


Antiviral 

state 
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NK Infected Killing of 
cell cell infected 

cell 


Adaptive immunity 


B cell Antibody 


Neutralization 


tby IFN 


CD8 + Infected 
CTL cell 


Protection 

against 

infection 


Eradication 
of established 
infection 
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1-CMI is main immunity against viruses 
CTLs (CD8+) kill VICs as they express 
foreign Ag in association with MHC class ! 

® Pts with CMIfe.g AIDS) are highly susceptible to infection with 

2-Humoral immunity : see later 


viruses 
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Days after viral infection 
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Alteration ofAgs 
No longer targets of IR 

e.a Influenza virus 


Hajrsminkiaae * ^Hemagglutinin 




Shift 


Influenza Vtm 


Inhibition of Ag presentation 
By l Ml 1C class I expression 

e.g Adenovirus 



Block in MHC mvic 
adenovirus, 
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inhibits 


TAP 
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CytosoGc 

protein 
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Proteasome 





Production of inhibitory protein 


similar to IL10 
MQ&dendritic cells 

e.g Epstein-Barr virus 


OCMI 
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Class I MHC pathway 
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may live in EC tissue & within phagocytes 
IR is a combbation of responses against EC & IC bacteria 


Neutrophils & MQ 

Neutrophil deficiency due to BM suppression 


T fungal bfections 


1-CMI is the main immunity 

Same mechanisms against ICB: 

MQ, Ci)4+ & CD8+ cells cooperate 

Elimination of IC fungi 


2 -Humoral immunity 


Abs help to eradicate inf. by ADCC 


Abs are useful for serological diagnosis 


T IB10 produ* tion 


0 production of TNFp & 1L 


G MQ 


ffomMQ 






























Septic shock b 


ersensitivity 


Autoimmune ds 


* A-Special Characters & Effects 
They aren't processed by APCs 

Bind to MHC classll outside Ag binding groove 
Bind only to V region of a particular p chain of TCR 
3) large n= ofTh cells with different Ag specificities 

1 Non specific or polyclonal activation 
^Trelease of IFNy & 1L2 


antigen 


of IL1,12 &TN1 

Septic shock 


from MQ T cells become refractory to© 

Anergy 


Viral proteins 

• Epstein Barr V 
• Rabies V 


Bacterial toxins 


Strept.pyogenes 


Staph. aureus 


Pyrogenic 


Enterotoxins 


Toxic shock 


toxins 


TWC 


syndrome toxin 
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Cytokine induced pathological consequences of superAgs 


Mechanism 


tT release of IFNy & IL2 from ® large n= of Th cells with different Ag specificities 

TT release of IL1, 12 & TNFa from MQ ► act on 


Systemic \i ) 
Hypotension 


Endothelial cells 


l synthesis of anticoagulation factors 

DIC 


Heart 

| myocardial contractility 

Pump failure 


Hypoperfusion of liver , kidneys & CNS 


Multiorgan failure 


Death 


endothelium 


^ . 


{Superantfgen} 

TOO 


Activation 
Proliferation 
IFNy, IL*2i THFp 


CD 18 


TNFa* IL*t, 



Systemic pathological effects 


Heart 


TNF. 


■ 


Low 

output 


Endothelial cells/ 
blood vessel 

TNF 
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Increased 
Thrombus permeability 
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Mechanism 


Interaction of MQ & T cells 


t!M+ recognize Ag with MHC dnssU on A PC 


Role; 


CD 8 + (CTLsl attack colls 


I 1 


SO OI 


•mmotory cytokines from Thl^MQ 


displaying Au in association w ith MHC class 


Rt'ct uitnu'ni of more lymphocytes & MQ 


Inflammation tissue datuauc 


vtokin^ mediated Inflammation 
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Method & +ve result 

ID injection of PPD (purified protein derivative) 

of Mycobacterium TB 

i 48 his 

& Induration 

m 

in a person previously exposed to TB bacilli due to 

• Subdinical ds • Clinical ds • BCG vaccination 

Infection 

1 st exposure 


Sensitization: 

primary 
infection or 
immunization 



I 

Sensitized & 
memory Thl 


2 weeks 


* 


Elicitation: 
challenge with 
antigen 


2 ld exposure 



intracfermal 
injection of 
microbial antigen 


DTH reaction 



48 

w 

hours 

Area 'of 

induration 
and erythema 



'48 hours 


_ ■ - , > 


t f 


Mechanism 


MQ & dendritic cells at site of injection uptake PPD 


present Ag to sensitized Thl 


DCs migrate to UNs 


Sensitized Thl migrate to site ofAg & secrete cytokines 

K . ruitment of more lymphocytes & MQ with VD 

Induration & Erythema 



> subcuta neouslt issue 

;pjoce|sedl6y 

9 w ~ ‘ m 

antigen 


ruitment of T cells, 
.^Kagocytes'fluid. and 
protein to site of antigen 
injection causes visible lesion 

r* , ^ “ -w - 








Thl in LNs is 
stimulated 
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48- 1-72 hours 
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1 -Compare ^Contrast betw 

LT receptor & B cell receptor 

E: - L refl dependent &T 



Essay Questions 


6 


; i 


Lin* o 


^Opsonization & ADCC 


v.Tj 


t;? 3 :\ 


2-Give an 


m 


n, 
iiUL4 


»Oi 


component 


^Mechanisms of evasion 


regulation 


% 


vii Re^Jat 


*1 L i 


of complement components. 



4-Enumerate 



aspects of complement 
of complement^ ve an account on 1 of diem 


5-Define heterophil Agjnention its practical applications 


6* ? 


mechanisms bv which Abs eliminate Ag from the body 



Ll n 




[per cell is important ir 
Is an important complement component 
fii Inhp ritpri deficiency of complement may lead to angioneurotic edema 

h’.Both interferon & 1L 4 influence outcome 
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Glycoproteins found in all body fluids ( humors) 

Serbia*; A a n b *<f j* 

Each Ab molecule is Y shape 


Formed of 4 polypeptide chains connected by disulphide bonds 


.-Ti 

**• 

t. %*« 


2 identical 2 identical Arranged in 3 fragments 


heavytfH ) light ( L) 


1 crystallizable 


chains 


chains 


binding 

( Fab) 


Each chain is formed of ■; 

f > 

Variable (V) Constant (C) 


region 


region 




ir 


Heavy (H) chain 


Light (L) chains 


A- Site 


$ 


Variable 


Included in Fab 


B-Structure 


1 domain (VH ) 


region 


1 domain (VL) 


C- Functions 


W.?- it 


r 


Forms the paratope or idiotype of Ab 

Interacts specifically with the epitope of Ag 

( complementary to it) 

Each idiotype is unique for 1 epitope & 
produced by a specific clone ofB cell 






a*' 


A 


iijht-duin 

mraUe 

regioni 


light dum 


4^ 


Heavy chain 


Antigen 
binding Fab 


4* 


(A 




Yarhbis 


Biological 

activity 

medrition 


Interchain 
dhullido 

bonds 


| 

Complsiiient-twKjirg regie 


Bind to F 
on phag. 


ind variable rejans 
C^and tonsant regions 




••v 




paratope 


* * 


* • 












- y Vrlldiri 


3 domains 


Structure 


B - Types 


II - Constant 


region 


inCH region gives 5 types of H chains 
Classify Igs into 5 isotypes ( classes) 
isotype is named according to type ofH chain 

]- Gamma (y \ chain 
Alpha ( a ) chain 

3- Mu ( jli ) chain 

4- Epsilon ( e ) chain 

5- Delta ( 8 ) chain 


IgM 


Ig D 


kfiotyps 


i 


\ 


\ 

Vm 


Fab 


antigen 
epitope 




paratope 

region binds complement 

03 region binds to phagocytes 


C - Functions 


Responsible for biological functions 
of different Igs (includes Fc < 


Light chain 




CH2 of IgM&IgG 

Binding & 
activation 

of complement 


CH3 of IgG 

Bind to receptors 
on phagocytes 
Opsonization 


1 domain : CJ 


_J 


2 types : 


Kappa & 


Lambda 


Found in 


all the 5 

<■ a 

t 

* * 

classes 




* m 


No functions 





Responsible 
Eliminate 


Professional APCs 

©Th cells 


sm no need for thymus ) 

A- Structure & Diversity 


WK' Structure 

BCR : surface ( membrane bound) IgM&IgD 

V (variable) region recognizes 
specific epitope ( complementary to it ) 


2 signaling mol.:Iga & Igfi 
Transmit 1C activation signal 


i 


* p 


* p 


» + 
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* .1 


f 

# 

* 
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-K-zrzr-. 




fj 




#v 
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B-Negative selection 

B cells expressing BCR that can 
react with self peptides (self reactive cells) 
are killed by apoptosis (clonal deletion) 

Self tolerance 
No autoimmune reactions 


Mature B cell circulate in blood 
(30% of small lymphocytes) 

a. u oatuM T 

2ry lymphoid organs : LNs, spleen & GALT 


Diversity 

Millions of B cells exist 

React with millions 
of different peptides 


antigen recognition 


antigen 


Self- re active 
B cell 

/ 

Receptor editing: 

expression of 
new Ig^^Yegion 


Apoptosis 



4 i 


w 




Non-self reactive! 

B cellMKI 


\ Deletion"! 







1 -Structure 


2-Ag recognition 


3-MHC restriction 


4-Ag characters 



-Secreted form 


and T 


B cell receptor 


BCR complex 
i.Membrane bound IgM & IgD 


T cell receptor 



TCR complex 

i.2 polypeptide chains: a & ft 


Ig a &!gfi 


l 

ii.Signal transducing molecule 


By V regions ofH&L chains of membrane bound Igs 


Recognize Ag without MHC proteins 


i.Free (soluble) 
ii.Proteins 

Hi. Lipids, polysaccharides, nucleic acids 
iv.Small chemicals e.g drugs 


By V regions of a & P chains 
Recognize Ag only 

in association with MHC proteins 


i.On APCs 



Yes 

entameric IgM is present in serum 


nitron 



Signaling 



ii.Proteins 


( always membrane bound) 










Epitope ( antigenic determinant) 


Size & Function 
Is the smallest biochemical unit of Ag 

flat binds specifically with 


Different 

antigenic 

determinants 


Epitope 


Antigen 


Ag R on B &T cells Paratope 

(+) I R of secreted Ab 


Antibody I 


paratope 


ArtEbody t 


Several identical 
epitopes 

CHO (polysaccharide) 


Several different 
epitopes 

e.g protein Ag 


Antiq«n’btaSlig 


Antibody 4 


with repeating sugars 


Polysaccharide 


Epitopes 


Epitopes 


Protein Ag 


cell receptors 
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Oo/ T helper cells to activate B cells 


1-Ag binds to BCR (IgM & IgD) 

Internalized (receptor mediated endocytosis) 
Processed & associated with MHC II proteins 

Displayed on the surface 

Ac t iva tio n of Th cells 


Peptide — MHC class II bind 
TCR/CD3 comolex & CD4 


B7 binds 

CD28( Costim ulati on) 


Cytokines production 


IL4, 13, 5, 6 & 10(Th2) 




3-Cytokines activate B cells 

into done of cells with same Ag specificity 

Clonal expansion 


B cells will act as APCs to Th 


Receptor- 
mediated 
endocytosis 
of antigen 


Antigen 

processing 

and 

presentation 




T cell 

recognition 
of antigen 


epitope-specific 
B cell receptor 

Microbial 
protein 
antiaen 


Bcell 


Gass II 

MHC-peptide 
complex 


V 


3 


CD4 
T cell 


mm m m 


Protein 


Peptide 

MHC 
receptor class II 


TCR 


CD 23 


( 


CD28 


C B7 


( 


Cytokine 

receptor 


ill 


Processing of 
internalized 
protein 

Peptide 
binds to 
class 11 MHC 


« 


Activation of B cells by 
cytokines . ‘ 


B cell antigen presentation 
to activated helper T cells 









LF 


i -Effector 


of activated B c 


A*Plasma cells 


production 


into 






specific 


i or epitope 


Ole after 

few days 


Hem. mi 


quiescent 


for lone 


SlU 


(secreted) 


«rr*«v ««■*** 




as 


Is a change 

In the H chain 

Production of another 
class of Ab 
while maintaining 

same 

An specificity 




, i, ^ j • M 

switch 


1 *l»«t 


Require 




QT cells 
Binds to 
CD40 
on B cells 




Activated Stimulated Rapid & 


Strong 


productics) 


nods 


reexposure 


to same A a 






signals 




lgCii&3 

• IL4&13 








Activate B cells directly 


Polysaccharide 
(T-independent antigen) 


B cell receptors 


Polysaccharide witl 
repeating subunits 


No memory 


Plasma U 
cells \\ 


Antibodies 


Present 


I ii.Isotypes of produced Abs | 

1 IgM + IgG, A & E 

( Isotype switch) 

IgM only 

( No iso type switch 

due to absence of: 
IFNy,IL4&13) | 

iii.Memory ( anan 

inestic ) response 



T cell dependent Ags 

T cell independent Ags 

1- 

I Not formed of 

Formed of repeating 

Structure 

repeating epitopes 

multiple epitopes 

& 

e.g • Proteins 

e.g Bacterial polysaccharides 

Examples 

• Foreign RBCs 

• Hapten-carrier conjugate 

(capsule) 

| 

i. Need C+> of Th cells 

( B cell acts as APC ) 

Tfc 

i. Activate B cells directly | 

feSportSZ 1 

( No need for Th) 
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50% 


most abundant 


Con centration 


(of total serum I g s ) 


5-10% 


I I - S t r u 


t u r e 


- y 

2- 4 subtypes -► 4 subclasses: 
i.IgGl: predominant ii.IgG2,3&4 (lowest) 


Heavy chain 


subtypes 


I - p chain (has an extra Cl 14 ) 

2-No subtypes 


Monomer 


Lowest MW 


0 1 net irocp 


tgG 

(Smmunoglob tiEln O) 


Molecular forms & MW 


1 - Monomer (membrane bound): 

BCR 

2- Pentamer (serum form): 

5 monomer joined by 

i . Disulfide bonds 

ii . J chain : Links 2 of the Fc 

Highest MW 

(Highest valency:10 Ag binding sites) 




v 


III - Distributlo 


^Hlbiffiise easily extravascular 
Neutralize viruses & bacterial toxins 


Only Intravascular 


Very low 


1- e chain 
2-No 
subtypes 


Monomer 


Mucosa 




Binds to FcyR on 

phagocytes &NK cells 


10 


Bind to Fc £ R on: 
i.Tissue mast cells 


ii.Blood eosino 
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Op sc 


Functions 


IgGl& G3 for C3b] coat organism 


(MQ&neutroplt 


n r 


of 


by IgG 


-j s_ 


Binding ol Fc receptor 

. signals 

phagocyte _ 

phagocyte 


estion: 1C killing 


Phagocytosis 
of microbe 


Killing of 
ingested 
microbe 


'^--1 


■iftj 








osis ) 




i 






Ig G1&G3 coat target cells: VIC or tumor cell 
Bind to Fey R on NK or phagocytes 
Release of granular toxic mediators: EC killing 


2-ADCC ( Ab dependent cellular cytotoxicity 1 


antigen 


FcyRIII 





Antibody- 
coated cell 




NK cell 



Killing of 


NO 


IgE coating helminths, binds to FceR on eosinophils 
Degranulation & release of toxic basic protein 

l C killing of worm 

IgE is the main host defense against parasites 


IgE 


B- 








Helminths 



mi 


i’ iqxic oasic protein j| 

||, 3 - Complement activation : by classical pathway ||| 

|j| * G3 : Most potent ♦ G 1 &G2 | 

Most efficient 

| NO || 

IHi 4-Neutralization III 

II IgG binds to viruses, EC bacteria &toxins 

If Prevent their binding to target cell 

1 

NO » | 








.J 
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Other 


function 


i * 



(except G 2 ) 


c e 


4 * • 


* I 


that crosses the placenta 


No, but is the 1 st Ig synthesized by fetus 


Indicate intrauterine infection 


Immunity to fetus & neonate 


if t in neonates 


11 . Agglutination of bacteria &viruses 



1 ” JW Yes 

r— 

Most efficient (HMW) 

i < Relation to immune response 
v . — 

| Most important in 2ry IR 

1 st & predominant in lry IR 

iv - Membrane bound form 

I Ag R on memory B cells 

Ag R on mature B cells ! 

( but monomeric) 


ii.VD & inflammation in 


& mucosa of RT&GIT 


Binds to FceR on mast cells& basophils 


Degranulation on Ag binding 


Release of histamine& peroxidase 


iii.Type I hypersensitivity(allergy) 


In case of excess IgE 




b Oogmnulatiori and 


A K 



La u kotnon ©3 


His lam in et 

Nature Reviews | Immunology 



Concentration 


Functions 


2% of total serum 


Ag receptor (BCR) : Main membrane Bound Ig on mature B cells 
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1-Distribution &Concentration 


m IgA 

10-15% 

>tal serum 


Secretory IgA 

Main Ab in secretions 
♦ Saliva &tears ♦ Mucus of RT & G1 1 

11-Structure 

A-Heavy chain & subtypes 


0 ^reasi milk 


ct chain 


2- 2 subtypes 2 subelasses:Al&2 

A1 is inactivated by protease of 
Neisseria , Pneumococci&H. influenza 

A2 is more important in mucosal immunity 
B-Molecular form of secretory IgA : Dimer 


2 monomers joined by: 
i. Disulphide bond 
iiJ chain 

(synthesized by siibmucosal 


plasma cells) 


Secretory (S) component 
Produced by epethelial cells 
i. Facilitates IgA transport across mucosa 

ii. Protects IgA from digestion by 
proteolytic enzymes in secretions 


Ill-Functions 


Local mucosal immunity ( gate keeper) 


bacteria &viruses in mucosa 


Present in colostrum & milk 


their adherence(neutralization) Protects new bom from infection 


Prevent fheir entry into tissues 


13 










Complement activation 

by classical pathway 

i. IgM ; most efficient 

ii. lg G3 > Gl> G2 


Neutralization of 
microbes & toxins 
i.IgG:in circulation (M} 
ii.!gA:in mucosa £M}[ 


Neutralization 
of microbes 
and toxins 


Antibody- 
dependent cellular 
cytotoxicity 


Microbe 


Phagocytosis of 
microbes opsonized 
with complement 
fragments (e.g., C3b) 


Inflammation 
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Main source : Th2 


I 

IL 4 | 

— ii m m mm Mm 

r ix7x3 ~| 

r il s -- 1 

A-Other sources 

l 

i 

1 

Mast cells 

7 r ^i ' 1 j ■ 

i 

l 

1 NK cells | 

ll 

B-Biologfcal functions 

~ ~ 1 

l.On B cells 

1. Proliferation of B cells — ► differentiation into plasma cells — ► Ab production l| 


ii. Isotype switch to IgE 

t 

(Excess may induce type 1 hypersensitivity) 

HI 

II 

2-0n Th 


Q differentiation of Th into Th2 

il 

III 

3- b.On MQ 1 

O MQ activation — ►© Thl formation — ► i IFNy 

1 

C.Other functions 


f mucus production by epithelial cells 

0 eosinophils — ► kill helminthes (ADCC) || 




Other cytokines from Th2 


Helminths'*^ 
Or ECB 


I 


V 


Naive CD4+ 

T cell 

Proliferation and 
differentiation 


Macrophage 


IL10 & IL6: 


\ IL-4j 


IL10 


IL“4. 
IL-1 3 


■© proliferation of B cells 
differentiation into plasma cells 


* M • r 

IL-l 31 


Eosinophil 


Inhibit MQ 


Inhibit Thl 


Antibody 


*■ -. 


L » i 


Ab production 


7'* 




,* . . 


Helminth 


Mast cell h 

1 ‘ 

| I Eosinophil t| 

degranulation |: 

't* mucus secretion 

j activation | 
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Formation 


2-Main role 


3-Cytokines 
production 


4-Cytokines 

functions 


5-Harmful effects 


6- +ve feed back & 
cross regulation 


T helper 1 & x 




IL12 secreted from MQ & DCs 



Immunity against 
1C bacteria ,viruses,fungi & tumor celts 

UL2, lFNy and TNFc T& p 


By IL4 secreted from mast cells 

Immu ni ty jagainst 

EC bacteria , their toxins & parasites 


UL 4,13,5,6 & 10 


ii.EL3 & GM-CSFs 



i. ® MQ to kill IC org.( IFNv'i 


ii.'f cytotoxicity of Tc & NK cells ( IL2) 

( KJV J - 

iii.l* production of opsonins:lgGl&G3 QDFNy ) 

Coat org. 

Bind to Ec. 7-R on phagocytes 

Opsonization 


/© eosinophiis to kill helminthes fIL5^ 

<A0 r £) 

ii.<2) B cells 


Delayed hypersensitivity ( type IV ) 


T Ab production & isotype switch to IgE 

OL4&13) 


Anaphylaxis & atopy (type I) 


Cytokines produced by each subset 


Positively regulate the subset producing it 



Negatively regulate the other subset 


IFNy from Thl 

© MQ & DCs , 
More IL 1 2 production 
More Thl (+ve feedback) & 

©generation of Th2 


■ * * 


114,10 & 13 from Th2 

©MQ 


O generation of Thl & 


* * < • 


IL4 © generation o' 


:• -'v : 



(+vefeedb' 


- 


fc 



* 







Macrophn 
or dendritic 
cel] 


Positive feedback 




IL-12 


1FN-S , 11-2, TjNF-p 

] • Delayed- type 

> hypersensitivity 
i * Macrophage 


1 activation 

— k • 


Certain opsonic or 
i complement-fixing 


i 


IgCs 


Naive 
CD4 + T cell 




*4 4 IL-5, IL-10, IL-13 

* Eosinophil 
activation 

• IgE 


J 0 B cells 


Positive feedback 


Each clone of B cell is specific to 1 Ag (epitope) 
Produce only 1 type of V region (1 idiotype) 

Present at the upper part of 
Its membrane bound Ab Its 5 secreted Ab classes 




Microbe 


Responding 

lymphocytes 


Effector 

mechanism 


Transferred by 


Functions 


* - ■ 


Humoral 

Immunity 


Extracellular 

microbes 


B lymphocyte 


anlibodv 


Serum 

(antibodies) 


Block 

infections and 
eliminate 
extracellular 


Cell-mediated 
Immunity 


1 


r V . 




a 


Phagocytosed 
microbes In 
macrophage 


r.* 


iniraceflular 
microbes 
(e.g„ viruses) 
replicating within 
infected cell 


Helper 
T lymphocyte 


Cytotoxic 
T lymphocyte 




Cells 

(T lymphocytes) 


CeHs 

(T lymphocytes) 


Activate 
macrophages 
to kill 
gocytc 
microbes 


Kill infected l| 

cells and [* 
eliminate 
reservoirs 
of infection 


IgM & IgG produced from same clone of ■ 

■ 

■ 

■ 

■ 

B cells ( against capsule of Staph.) are : • 


[.Common in 


\d o' 
• « * • * # * ^ * * 


(Ag R) 


(Ig MAGED) 


ii.Different in . . Cun S i . . . Way.*) 


■ ■ 


Ig G against capsule of $taph.& 
IgG against capsule of Strep, 
(from 2 different B clones) are : 


i. Common in ...c^.vn; 


ii. Different in ...VWi.^NaV. 


16 ' 
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Multiplicity 




jnH pfoduQtlon[ 

C 04 * 

T 

I t h 2 dingrenitailon ] 

iTnhiblilon | 








Pleotropism 


>v HC k on 




or 


Redundancy 
Different cytokines 
i out the same function 






of cln9> I mhc 


to»=i 





| IC'tO I 





Inhibition 




of new functions 

a target cell 



B - Cellular response 

Proliferation 

of target cell 

C - Actions ( Not Ag specific) 

They bind to specific receptors on 


¥ 

Turned down 

with inhibitory feedback mechanism 



Autocrine action 


Cells of origin Nearby cell 


Distant cell 


i 



Autocrine 


Paracrine 


Endocrine 






Paracrine action 


Nearby cell 




i 



Circulation 


J 



Endocrine action 


Distant cell 














1-Regulators of innate immunity 


Inflammatory 


Antiviral 


* TNFa,ILl,6&8 Type I IFN 


Inhibitory 

ILIO 


Committed Progenitor 

Cells 


Mature Cells 


❖ IL 12 


i 1-Regulators of adaptive immunity 


IL2 










n 


*1 s" 


IL4, 5& 1 3 


TGFp 


Ill-Cytokines with hematopoetic effect 


© growth & differentiation 


• ^ * 


it 


r \ 



n 


G-CSF 




M-CSF 



n 


n 



’-lymphocyte 
B-lymphccyte 
Eosinopiu'iic granulocyte 
Neutrophilic granulocyte 
Monocyte & Macrophage 





%°QS 




Megakaryocyte & platele* 

**• * 

Erythrocyte 


1-Source 



i. Thl & 


//. BM stromal cells 

iii. Endothelial cells 
iv.MQ 


BM stromal cells 




(7) production & T activity 

of different leukocytes 


Functions 



Support growth 
of all 

hematopoetic precursors 


Differentiation & 
survival of 

all stem cells 


immature 

B&T cells 
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1 -Etiology 


with ICB 


e.a ^TB 


Leprosy 


V, 





ii it! Uj 


ii 1 



(J U Vk 






2-Mechanism 

Chronic antigenic CE> o/ MQ by surviving ICB 

Sensitization of Th cells 
Continuous release o f cytokines 
Accumulation of large n= of MQ 

Release cytokines 

MQfuse to form multinucleated giant cells 


3-Histology 


A Lymphocytes 


A Fibroblasts 


4-Aim & drawbacks 
Attempt to wall] off site 

ol persistent infection 


but associated with 


tissue necrosis & fibrosis 
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V. 


p h 


i\/l 



mu 
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h” 


CTLs react against pancreatic cells damaging it 


prevent insulin secretion 
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1-Etiology 

Direct skin contact 
with haptens ; 


Skin ointements. 

Hair dyes, cosmetics 
* Soap, poison ivy. 
* Nickel jewelry. 


4-Diagnosis : 


Skin patch test 

Suspected substance is 

applied to ski 
24-48 hrs 


Inflammatory eczema 
at the site in +ve cases 
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rtfi 


Oils 


2-R? echanism 


r Haptens bind to skin proteins ( carriers i 

New Ags 

Ags are presented by Langerhans cells (APCs) 

in skin to CD4+Thl cells 

Sensitization & recruitment to skin, 

(together with MQ &CTLs) 

CD8+ cells attack skin cells expressing MHC class I + Ag 
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v; t * 

— ^ — i 

Stratum Corneum 


Epidermal 

j 

Dermal 

V 

© i 



^ Lymph node 




Stratum eomeum 


SpItJermis 


Dflr its 


CEM'Tcsds 




T Hapten 
Protein 

Hapten-Protein 
Complex (HPC) 


Dendritic Cefl 


CD4 cell 


r 


3-Histology & clinical 
appearance 


Mononuclear infiltrate 

(peak at 12-15 hrs) ’^3 


Redness , edema & 


oozing eczema 


Hapten 
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Efforoni iymph 


31 


Elfectoc cos* T cells 














Self toleranc e 
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Etiology 



Mechanisms of tissue damage 

Definition 

Adaptive IR attacking own body tissues 

D. 



Laboratory diagnosis 


Treatment 





Unresponsiveness to self Ags 

e c li a n i 

I- Central tolerance 


During fetal life 
R| (Mainly) 


lry LO 

(Thymus & 

BM) 


Mechanisms 

Self reactive immature B&T cells undergo 


Thymus 


i 

Apoptosis 

Clonal deletion 
(-ve selection) 


Receptor editing 

Change receptors 
stop recognizing self Ags 


X 


\ 


X 



deletion 







U / 

immature f ^ 





Matures celt « 
specific for self 


Immature B cell 










Recognize self 
Agin 


Periphi 

Lymph. 


tissue 



(deletion) 


3 ^ 









I 



Time 

Post natal ly 


Peripheral 

v 


tolerance 



Site 

2ry LO 

s& spleen) 


▼ 

Mechanisms 


1-Anersv: 


Vj 


O or deletion of SR mature 7 cells 
escaping - ve selection 

SR T ceils receive antigenic signal 
without costimulation 
Jo reaction between CD28&CD40L on T cells 

with B7 & CD40 on APCs) 
of proliferation& d i fferentiation 
into effector cells 


ration 


Repeated £3 of SR T cells by self Ags 


induced 

cell death 
Oby T reg cells 


Apoptosis with deletion 


I-Hel 


By IL10 & TGFp 


Sequestration of self Ags 
e.g Brain, cornea, lens & sperms 
No activation of SR cells 

SR B cells recognizing self Ags 
don't receive help from inhibited SR Tcells 
Unresponsive or die by apoptosis 



Dendritic _ 
cefJ „„ CD28 


Normal T cell 
response 


Tcefl 


E ffector and 
memory T cells 


Anergy 




Deletion 


Dendritic rmn 
cell i* 




Functional 

unresponsiveness 


Tcell 


Apoptosis 

* M activation-induced 
| cell death) 


Suppression 


Block in 
activation 


Regulatory 

Tcell 
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Association with certain MHC genotypes 

B27& ankylosing spondylitis DR4&rheumatoid arthritis 
/Diseased persons may not carry these alleles & 
these alleles may be found in healthy persons 


Defective apoptosis 

Abnormalities in genes 
encoding proteins that 
regulate lymph.apoptosis 


Deficiency in C 1,4 or 3 


Defective 

complement activation 


i ICs clearance.* SLE 


Requirements foi 

Development of Autoimmune Dis 


Failure of 
self-tolerance 


Defect in 
apoptosis 


Complement Deficiencies 


Systemic lupus 
erythematosis 


Deficiencies in the classical 
complement pathway renders 
pts more likely to develop 
Immune complex diseases 
- SLE 


t sex hormones in child bearing period 


'I'AIDs in $ 


e.g Grave's ds, SLE, multiple sclerosis 






Trauma 


Release of sequestered Ags 


is,sperms) 
self tolerance 


0 


Bacterial toxins 
acting as superAgs 

Polyclonal of lymphocytes 
(including SR clones) 


mimicry 


Between Str.pyogenes Ags & heart myosin 
Antistreptococcal heterophil Abs 

cause rheumatic fever 


Trains t cue *ye 
i N rotate cl 





Effector T colls return vis 
Uoodsbesm and encounter 
1 antigen In * 

Other eye 



Released ntraonihr. antigen 
is carted to lymph 
ind acsvstes T ceils 





1 =_i 


Sympathetic 

ophthalmia 


Loss of suppression 


l n of T reg with age 
Suppressed SR cells 


Functional deficiency In 
CD4 + CD25 + Treg cells in autolmmunlt} 


active 


AIDs in elderly 




No suppression 


SUPER ANTIGEN 




Group A Strep present fry 
throat Infection; expresses 
Large amounts of M protein 


Sb 


->v 
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I 
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Cargo amounts of IgG 
against M prawn on 


r ,r 1 1 - 


K 



Antibodies against M protein 
can bind to molecules on 
cardiac cans that are 
similar to M protein 
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Antibody 'induced Injury to 
heart valves and aartolomma 


3-Alteration of se f Ags by : 
drugs, chemicals or viral inf. 
Drugs (haptens) coupling with RBCs 

alter self Ags 


Al hemolytic anemia 
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^Bire & contrast : 

a. +ve & -ve selection of Tcells. 

b. MHC class l&II. 

c. Killing mechanisms of MQ &CTLs. 

d. Tc&NK cells 

e. Naive &memory T cells. 

Give a short account on : 

Importance of MHC mol. In health & disease. 

Functions of APCs. 

c. IL12. 

d. Down regulation of cell mediated IR. 

Mechanisms of evasion of ICB or viruses or fungi from IR. 
Septic shock induced by superAgs 
Tuberculin test or contact dermatitis. 


1 -ssay questions 


1 


Anergy and ignorance as mechanisms of peripheral tolerance. 
T cell anergy.^Hn 


- Give reasons : 

a. Negative selection is an important step that occurs during maturation of lymphocytes 
IC Ags are presented in different way in comparison to EC Ags. 

B 7 molecule plays a dual role in immunity. 

M Type I interferon is the most potent antiviral cytokine. 

Central tolerance to sell Ags. 

Infection & trauma may be associated with autoimmune ds. 

- Define superAg , give mechanism of action & examples. 
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1 -Method 


2-Onset of protection 






o)-LfQ 


/ 


Induction of protection against infection with pathogenic organisms b y artificial safe procedure 




Active immunization : Vaccination 


3-Duration of protection 


Using killed or attenuated microbe or part of it 


O host to produce Abs/ or immune-reactive cells 


Delayed : appears after a lag period 


Long term due to memory cell 


Passive immunization 


Using preformed components of IR: 



Abs or CTLs 


Immediate 


Short term 


Comparison between active & passive immunity 


Active immunity 


I-Acquisition 


Passive immunity 


A-Natural 


Infection 


’ 

subclinical 


B-A rtificial ( immunization) 


Vaccination 


II-Onset & duration 


of protection 


Ill-Type of 


protection 


i.Protective immunity 


ii.Immunological memory 


Transfer of maternal Abs 



Transplacental: IgG In colustrum & milk : slgA 




Injection of preformed Abs or CTLs 








i.Transient protection 


ii. Alleviation of preexisting ds 
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© the production of Abs or cellular immunity 
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definition of vaccines 

preparation producing immunity to a ds 




Without causingsevere infections 


I r* . 
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. b — ^auouig severe infection 

Otrategies for developement of vaccines 
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1-Idea 


II 


Org.is killed ( inactivated) 


No replication 


Maintaining 


No disease 


epitopes on Ag 


Org.is attenuated 

Transient replication in host cell 
Mimics natural infection but in mild form 

No disease 


2-Method 


1-Heat 

2-Chemicals: 

formaldehyde or alkylating agents 


1 - Repeated subcultures 

under abnormal conditions 

2- Genetic engineering 


3-Administration 


injection 


Natural routes of infection: 

1 )ral or intranasal 




4-Examples 


Salk vaccine of polio 


Sabin vaccine of polio 









injection 


iiJneffident IR 


— 

k G iven orally o r i ntrnnnrflf 


systemic (IgG), but not local (sleA) immunin 


Humoral 



Efficient IR 


Weak 


1 

b- Cell mediated 


Short 


natural 


Long lasting 

Multiplication of atten.org.in body 


i LLHerd munmilty ■ U mmm unized individuals are indirec tly protected by suitoh| 

Yes 


iv .Failure to kill 


strains are transmitted to other community 
by fecooral route 


a*S table : doift need cold storage 
b.Safe : no contraindications 


Disadvantages 

Low stability: need 


storage 


b.Safety problems of attenuated strains 


dam 





ii.Insufficient attenuation 



Induce same complications as those seen in natural ds 
g Measles vaccine causes encephalitis in small % of recipi* 

I 3 

iii, Reversion to virulence — ► ds 








Advantag 
Avoid toxicity a 
risk of infection 

due to retained virulence 


Disadvantages 

Polysaccharide capsules are 

thymus independent Ags 
Conjugated to carrier protein 

i become more immunogenic 


^^■graparation 

Synthetic polypeptide similar in its a. a sequence 

to viral or bacterial Ag 


Examples 

Capsule&conjugated vaccine of: 

i.Strept. pneumoniae 

ii.Meningococci 



disadvantage 

Weak immunogen 


Used as vaccine 



Preparation 

Bacterial toxins are inactivated (modified) by formaldehyde 


Toxoid : Non toxic, but immunogenic 


Induce antitoxins that neutralize toxins 


Uses 

To prevent infection caused by 
exotoxin producing bacteria 
e.g C.diphtheria & Clostridia tetani 


4 





pa ration 

Idiotype (a.a.sequence in Ag binding site of Ab) 

is injected into animal 
Production of anti-idiotype 

(Abs to idiotype) 
that mimics part of 

he 3 dimensional structure 

of its specific Ag 

Used instead of it as vaccine 
Induce an IR against infectious ds 
e.g herpes ? hepatitis B,polio &rabies 


Value 

When the original Ag 
isn 't suitable 

e-g 

i. Polysaccharide 

ii.Lipid A bacterial toxin 


Advantage 
induce memory 

which polysaccharide 

&lipid don't induce 

unless conjugated 
with protein 





Gene enc„d,„g the most an Ug e„ ic [ Gene enc„d,„ 8 ma|or Ag ofvirafco , 
part in a microbe is identified I — ... . . 


Inserted 


f— 


Recombinant plasmid is inserted 

E.coli or yeast 


Genes are expressed with 
production of Ag 


Ags are purified & used as vaccine 


pathogen is identified 


Introduced into vector : attenuated 
bacteria or vii is e.g vaccinia viifiis 


Attenuated org.is injected into 

host to replicate 


Genes are expressed with 
production of Ag 


Ag <±) IR 



Disadvantages 


Expression of vector Ags 


on infected host cells 


Killed by CTLs before vector replic. 


Vaccination fails 






Influenza Virus 
Gene(s) 


6 ' 








1-2S 


2-2C 


autDie : Kesist high & low temperature -► easily distributed 


Reasonable cost 


r — 

V 

CMR 

For ICB 


Administered in Combination with other vaccine to decrease 

Health care visits 




Person inconvenience 


3 -POD 


f 

Proper 1R 


“V 

AbR 

ForECB 


” 1 

Secretory IgA 

For 

mucosal immunity 


Optimum duration of response 


CM & memory response 

I ’or long term protection 


Resident children receive 


Iry Ab response 

1 or short term protection 
Tourists visiting a diseased area receive 


Injection ( most commonly used) 


IM& 

( most often) 


e.g oral polio vaccine (Sabin) 


e.g Influenza vaccine 


0 local (mucosal) IR 


mimics response induced by natural infection 









mmm\ I-Definition 

stances that non specifically enhance IR against , certain whe „ mtad 

“ n-Characters ' " 


Chemically irrelevant to Igen 


Induce effective Ab (humoral) response but 
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Ill-Mechanism of action & Examples 


3 wea k CM response 


■ — . 


i.T local 

infl animation 

Influx of more APCs 


cytokines production 
'fT&B cell response 


ii.Slow release 
of Ags 

Prolongation of Ag 
persistence (depot) 


in.Tcostimuiatory 
signals 


Generalised 
of immune cells 


Cytokines: lL2,12,IFNy,&GM-CSFs 

added to vaccines 


Aluminium hydroxide added to Diphtheria &Tetanus toxoid 




Vaccine 


wcruUifMnt 
(Alum, MF59. IFA| 


X F-fir* aci 

ifvxxlan 
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A-Source 

Human or bovine 

B-Indications 


Post exposure prevention 

rabies,HAV&HBV 


Alleviation of 
existing ds 

C-Types 


f ■ 

Hepatitis 

A&B 


Specific against certain ds 


Antitoxins for 

♦Botulism ♦Tetanus ♦ Gas gangrene ♦Diphtheria 

D-Complications 


Underlying illness 

preventing administration of vaccine 


Non specific 
Pooled Igs 

ttt of immunodeficiency 


Hypersensitivity reactions (from animal ) 

1 

Serum sickness 


Transfusion transmitted infections 


Anaphylactic shock 


Transfer of CTLs is restricted to persons sharing MHC class I genes 







&Contrast 


Essay Questions 


i. T cell receptor & B cell receptor 

ii. T cell dependent &T cell independent Ags 

iil.lry & 2ry IR 

iv. Opsonization & ADCC 

v. The 3 pathways of complement activation 

vi. IR to IC & EC pathogens. 


2-Give an account on 
iJsotype switch 

ii. Secretoiy component 

iii. IU 


ivMechanisms of evasion of IR by EC bacteria & parasites 

v. +ve feedback & cross regulation of Th subsets 

vi. Cytokines that stimulate hematopoesis 

vii. Regulatoiy proteins of complement components. 
viiLHapten 


3- Give a short account on Clinical aspects of complement 

4- Enumerate biological activities of complementgive an account on 1 of them 

5- Define heterophil Ag,mention its practical applications 

6- Name mechanisms by which Abs eliminate Ag from the body 

7- Give reason : 


i. T helper cell is important in isotype switch of B cell 

ii. C3b is an important complement component 

iii. Inherited deficiency of complement may lead to angioneurotic edema 

iv. Both interferon & IL 4 influence outcome of class switch. 
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Diseases 


n 




Imn 


I hypersensitivity 


or 


Type H hypersensitivity 


Cytotoxic or cytolytic 


Type HI hypersensitivity 
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Immune co 


,Z' 


Jll 
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i'yp I 


1-1** exposure to Ag 


Jerufllsotion 


Sensitization 


1- Entry of aUergen 


led 


See* 


;u 


bstance that triggers 


allergic reactions 


♦ p ollen . certain foods 


in the body 


♦ Drugs : penicillin 


Allergic reccflon 


♦ Serum proteins ^ 


A I Du*** 


♦ Bee venom 


*r 

tm — 

* w * * . 


W m 




AnV« 

TVlj) 

ents axe presented to Th2 (genetic predisposition is important) _ l/i 


2-AUergen is taken by APCs & digested 


Umtimpfona 


Noutao 

fc ■— W 

VuuJtQ 
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-Th2 


IL4.13 & 5 


@ of B cells 


IgE secretion 


^ % 


4-Sensitization 


Alwcy cWructon 

tA 

rpfcj 

Blood praojrtt Oco 
Aita turio . ' 


IgE enters the circulation 


Requires lw 


\ttachs bv its Fc to Fee R on the surface 


Millions of IgE mol.are synthesized 


of mast cells & basophils 


Attach to thousands of 




Individual becomes sensitized 


mast cells & basophils 





_ % 


* — 















// . 


p os ure to 


Degranulation 


On subsequent e> 


e to tile same allergen 


Binds to Fab of IgE Abs cross-linking them 


Degranulation of mast 




1-Onset after 
reexposure to Ag 


1 


2-Mediators 


3 -Effects 


in tissues & basophils in blood 


Ill-Early phase reactions 


Within minutes 


Physiological mediators 
a. Histamine & heparin V 


b.PGs ,proteo!ytic enzymes & PAF 
eXeukotrienes & ECF-A 




a. VD & / T' capillary permeability 


b.Sm contraction & 1" mucus secretion 

Eyi bfbn oil V SI 

c.0 of nerve endings in skin 


Itching 


Pain 


rpitlna 
mast cell 


i 


M 


A 

«ctlvated 
Diast cell 


r'c*»Rt ; 




Antlg^n^ 
Cro 9 «»||nk "d 

IClE/PciRi 


HUt»mln«/j|pid 

meet Inton 




Cytok tnoi 


m 


oular/ 


nan 

•dlati 

ctlon 


imatlon 

phaa* 


IV-Late phase reactions ^ 


hours 


/if v- ms 


Cytokines 

^ dis 


TNF a & IL B L 

tPbJid) 


f s/Vck 

i^/^#tu.A>ri fvv 

Ha 3 •i 

IL 4,13 & 5 




Recruitment of neutrophils 
eosinophils 


a. TNF a 

( +)neutrophils 

Release proteases 
Tissue damage 

b. Th2 produces more IL4,13 &5 


iflP jr lif" 


Exacerbation 
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IV _».£ 


-* 

<JVc 

'^/’O f-V 


PdisdlL 


•■« ~<^/WAWJl A. C5 

In respiratory passages , intestinal walls & skin (sites of mast cells 
/-Systemic anaphylaxis ( fatal within few minutes) 






Mechanism 


Allergen enters blood for 2 nd time 
Cross links preformed IgE on mast cells&basophils 
Deszranulation & immediate release of mediators 


Systemic reactions 

Edema & hypotension Respiratory distress 

i ♦ 

( | permeabi 1 ity & VD ) (Sm contraction) 


Urticarial rash & 
itching 


f 


< 


ii-Locaiized anaphylaxis : atopy (atopia = extraordinary)^*’: 


1-Allergens 
Mechanism 


A- Airborne allergens 


Allergic rhinitis 
i.Plant pollen 


Allergic rhinitis & bronchial asth: 

Bronchial asthma 


ii.Animal hair & dander iii.House dust iv.Fungal spores 
Degranulation of mast cells in: 


MM of eye & upper RT 


Lower RT 




3 -Symptoms 


tearing 


ii.Congested nasal passages 
iii.Coughing & sneezing 


Difficulty in breathing & wheezyjhest dueto: 

Bronchial narrowing by: Alveolar overdistension 


contraction 


VD &T permeability 
ii.'j' mucus 


with fluids &mucus 


B-Food & Drue allergens (ingestion) 


Affect 


Local reactions 


Absorbed in blood 




cramps 


Reach skin 
Urticarial rash 


Reach lungs 
Asthmatic atta< 















asodlafon 


total serum IgE 


human 


anti-human 


capture IgE 
In patient 
serum 


solid-phase 

antl-human 


skin 


determine causative allergen 


Test allergen 


M ethod 


+ve result 


i. Pollens. 
ii.Grasses & molds 
iii.Cat dander 
iv.Food 


Pricking the skin in 
forearm & back 
with a sterile lancet 


v.Penicillin 
(before inj.) 


fj -Allergy blood tests 


Wheel & flare reactions 

within 15-20 min 

(small circles of 

itchy inflammation 

like mosquito bite 

* Based on its size, 
sensitivity is assessed as 

•Mild 

• Moderate 

• Severe 

measurement of serum IgE 


Total IgE : 
by RIA 

(Radioimmunoassay) 

| in some 
allergic pts 


Specific IgE : 
by RAST 

(Radloallergosorbent Test) 

Specific against 

certain allergen 


Iniradormai 
Injection of 
antigen 


Flare 

Wheal 

Flare 

1 11 


"T 1 






VasodMoul 
I at edge! 

ol lesion 


incubate w / 
test serum 


disk coated 
wf test 
allergen 



1-ldentifyjng & avoiding allergen ( if possible) 

The most effective way of prevention 

H-Drugs 

Relieve s>Tnptoms or prevent release of chemical mediators 


Epinephrine Corticosteroids Mast cell stabilizers 


(life saving) 

Relaxes Sm & 

constricts BVs 


inflammation (Na chromoglycate) histaminics 




o mast cell 

degranulation 


HV-Monoclonal Abs : Anti 9gE 

Prevent IgE from binding to mast cell 

IV-AIlergen immunotherapy : desensitization 


Indication 


Failure of 

medications 

to control 
allergy symptoms 


Method 

Gradually 'f' allergen doses are injected SC 

(^production of l / * ■ < ' 1 

Capture & neutralize Ag 

before reacting with IgE bound on mast cells 

prevent crosslinking) 
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1-lgG or IgM against Ag on cell surface 


Endogenous 

to failure of tolerance 


Exogenous 


Hapten (drug) or organism 


Allogenic RBCs Ags 


Allogenic graft cells 


2-Ab binds to Ag on cell surface 


Complement activation ( classical pathway) 

MAC ( C5b6789) 

create pores in cell 


3-Lysis of cell by 

Opsonization 
Phagocytes bind to 
IgG or C3b on cell 


Type 2 - antibody-dependent cytotoxicity 


i r 


Figure 2a: Classical complement pathway 


Surface 

Ag 


KM 


j t 

T I 


l i 


* 


Mr*-* 


C3D 


J/ 


Ch 
t crweAiM 


5s/i 

A 


Fc 

domain 
of IQ 


Opsonization and phagocytosis 


Complemenl 




Qb receptor 


i 


i t. 


^j^Gb Fc feceptor 


ADCC 

NK or phagocytes bind to IgG on cell 

©ischarge their perforins, granzymes& 

proteolytic enzymes 


Figure 2 b: Antibody dtpendtnl cefl cytotoxicity (ADCC) 


Phagocytosis 











Immune 


Allohemolysis 


Autohemolysis 


ABO compatibility 

(commonest cause of 
transfusion reactions) 

ABO Ags are allogenic 

(differ between persons » 


If A+ve person 
> transfused wit! 
B+ve RBCs 


IgM 

RBCs 


in circulation 

by complement 

I \fo0fJ 2^ |j CMikjS’s) 


of Granulocyt 


syndromes 


Exogenous 


Endogenous Ags 


ill 


Rh incompatibility (Rh factor or D Ag) 


f 

Mechanism 

Fetal Rh+veRBCs leak into Rh-ve mother 
circulation during birth of 1 st child 

Sensitizes mother to produce IgG 
Cross placenta in subsequent pregnancies 

Destroy fetal RBCs 
'(Erythroblasts released from fetus 
to compensate lysed cells) 

Stillbirth or baby with jaundice 

( Immune ^ Lklll 


Prevention 
AntiD injections 

Given to mother 

within 72 hrs 

of 1 st delivery 

of RH+ve baby 

Destroy any 

leaking fetal RBCs 


Treatment 


Exchange 

transfusion 


of fetal RBCs 


during delivery 


No © of [mother IS 


with RH-ve 
cells 

UJ s 


RH+ 

father 
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. In vitro 


incomplete Rh Abs 




pinfi ii | Hiv ^ __ 

‘***»«r l»v «nilt.ocl v 



Cross linking 


,nr H» itmti a or 
Ai-Ab oompittM 

Vlwlbl^ O^Doiit 
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Ihfl 


Coombs'reagent (Antihum aTigs) 


No cross linking 

Diagnosi s : Coombs' test 
Aim : Detect incomplete Rh Abs (IgG) 



Bind to Fc of human IgG 


They coat Rh+ve RBCs , but can't bridge between them to cause agglutination 
Cause agglutination only after addition of Coombs'reagent (antihuman globulin) 


Uses 


Indirect coombs't est 

Detect free Rh Abs in serum of mother 


2-Method 


i. Blood sample from mother 
ii.Add Rh+ve RBCs + Coombs'reagent 


3-+ve result 


RhAbs coat Rh+ve RBCs 
Agglutination by Coombs'reagent 



Mother sample 



Rh* RB 


A = 

anti- Hu IgG 


SoK who r. Rh- ™ 

can ha/a pranatal ***”*J9 — 
to dotorm'n a tho p raa 
of non a g glutln atlnn Ablnhor 
Iiloocis traam that v^ll at t o C K f n 
fetus’s RBCs If lHa father Is Kn 





Agglutinatlo 


coombs'test 

Detect Rh Abs coating RBCs in serum of newborn 

i. Blood sample from newborn 

ii.Add coombs'reagent 

RBCs coated with RhAbs 
Agglutination by coombs" reagent 





A anti- Hu IqG 
Coomta^ 
Reagent 


Baby sample 
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ES fi ffg lS 


preaonco of the 
mothar'a Ab on the 
surface of RBCs In 

arytnrohlaatoala fvtolle 






Agglutination 
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ll-Autoimmune hemolysis , thrombocytopem 


Produ c tion of Abs aga inst ptown RBCs, granulocytes 

Exogenous 

Si?® ™!? bolite (hapten) bound t0 protein Ag on cell surface (carrier) 

Abs are cytotoxic to cell-drug complex 


® Of granulocytopenia 


or platelets 


Hemolytic anemia 
♦ Penicillin 

r ♦ Chlorpromazine 
(antipsychotic) 


I M'lM 


• t • • 


Granulocytopenia Thrombocytopenic purpura 


Quinidine 

(antiarrythmic) 


Acetaminophen •v* ix&jl 

* * ■ # 

'-tf y clMju 

( analgesic) 


Platelet 


Drug (hapten) 


O 


Q Drug bind* to platelet, 
forming hapten-pi atelet 
complex. 


Granulocytopenia 
e.g quinidine) 


1 i 

,9 FntMwAijM 
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0 Complex Induces for- 
mation of entibodlaa 


against hapten. 


Anti-hapten antibody 


Hapten-platelet 

complex 


Action of antibodies 
V and complement causes 
platelet destruction. 
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Complement 


Endogenous 


Autoimmune ds 


UisbnniteidCaa^iL i 


y— J'-B-r v 

f It 


t 


Hemolysis 
by opsoniz. 
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Endogenous 

(type V hypersensitivity) 
N «*-9&/w fiB *- Abs block ability of receptor 

to bind with its natural ligand 

withoutC±> complement 


♦ • * 

* I 
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© of receptor signaling 

Grave's ds 

IgG binds&OTSH receptors 

on thyroid cells 
Hyperthyroidism 

Jb£a£5£j. 


0 of receptor signaling 
Myasthenia Gravis 
IgG binds & 

S acetylcholine receptors 
Progressive muscle weakness 


Abnormal physiologic responses without cell/tissue injury 


Antibody against 
TSH receptor 

^ TSH 


Nerve 


- 4 " * 

JF 


- 


receptor 

Thyroid 
epithelial cell 


Acetylcholine 

(ACh) 


s •• 


Li 


receptor' 


H s 


* 






Thyroid hormones 

Antibody stimulates 
receptor without ligand 


Antibody inhibits binding 
of ligand to receptor 


Good pasture's 
syndrome 


binds glycoproteins 

on lung& 
glomerular cells 


Destruction 
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Exogenous 


Rheumatic 

fever 


Antistreptoccal 


Hyperacute 
graft 
rejection 


cross react with 

heterophil Ag 

on heart muscle 
(molecular 
mimicry 
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6 -Tissue damag e 

ICs activate excess complement by classical pathway 


Platelet aggregation 


5a & C3a (anaphylatoxins) 

Release mast cell mediators 


C5a (chemotaxis). 

Attract neutrophils 
Release of lysosomal enz\ mes 

Vasculitis & lysis of tissue cells 


MAC (C5b6789) 

Attaches to cel! surface 


(By ICs & inflam.mediators) 

Microthrombus 

Local ischemia . 


f vascular permeability 
1C deposition in tissues 


Lysis of tissue cells 


tRVnuiii 

complox 


InrniM 


Owm> 


Rill in if 


VlMtdivi 
2 mi mi 


HI h ypersensitivity 

in tissues by using Fluorescin labele 
IgM&IgG ii.AntiC3b 

By single radial immunodiffusion 
costeroids : | inflammation 

cases): | circulating ICs 


1 -Detection of Abs & complement 

in lesions biopsy : by IF 

tissue : by ELISA 


2-Detection of free Abs in 


1- Anti-inflammatory c 

2- Immunosuppressive 


7-Pla smapheresis (in severe 

1 fhsMd 


jJ, (now* 


' # - ’5pPl 

4 J*wl 
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(pArthus 


1 -Etiology 


/. Insulin 



Repeated SC injection of: 


//. Penicillin 


(.Animal serum (containing antitoxins) 


Hi. Rabies vaccines 

JtSjIHAM 


Mechanisms 


ID Ags can't diffuse out rapidly 
Bind to circulating Abs 




formed 


Widespread IC deposition in small arteries 


Vasculitis ini 


lesions 


Local IC deposition in small arteries 


Local cutaneous vasculitis & necrosis 


Rash 


Joints 

arthritis 


Kidneys 

Nephritis 


3-Onset 



Symptoms appear lw after 1 st injection 

More rapidly with each repeated injection 
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Chronic microbial ds 

complicated by IC formation 

Bacterial 

Post-streptococcal Hepatitis 
glomerulonephritis viruses 




> 


\ 


I 


■ I I 


Mold spores 


* • 
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Exogenous Ags 


Other clinical syndromes 


£ 


Farmer's lung 


IgG against 


mold spores & 


pigeon feces 


IC deposition 


in lungs 


Endogenous Ags 


♦SLE 


Auto Abs against self Ags ] 

♦Rheumatoid arthritic 


Defective Increased 
clearance burden of 
of apoptotlc nuclear 
bodies antigens 


1 r 


J L 


Apoptosis 




Susceptibility 
genes 

' 1 ~ ' " — r* t 


1 Cl,2&4 


Anti-nuclear 
antibody, 
antigen-antibody 

B and T cells specific complexes 
for self nuclear antigens 


IB >4 ■! •< BP 


Til 


Rheumatoid 

arthritis 


Susceptibility 

genes 

(HLA, other) 


Failure of tolerance, 
unregulated 
lymphocyte 
activation 


to self IgG 


T and B cell 
responses 
to self antigens 
(Including antigens 
in Joint tissues) 


1 


t h i 

cell 


Lymphocyl I 
antlbodfe: 


Joint 


:es, 

HRBi ies, 
and immune 

complexes 
enter joint 


Synovial 
membrane 
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-Synoviocyte activation 
-Cytokine production 
-Inflammation 


Destruction 
of cartilage 
and bone 






I 





Main factor 


Type 



Type 



Pathoge nesis 


IgG& 


Type 


Ag induces cross linking of IgE 
bound to mast cells &basophi!s 

Release of vasoactive mediators 

Ab against cell surface Ags 
Cell destruction by: 
Complement activation & ADCC 


Examples 

Systemic anaphylaxis 
* Bronchial asthma 


Ag-Ab complexes deposit in different tissues 

© complement 

tt infiltration of neutrophils 


V Blood transfusion reaction 
V Erythroblastosis fetalis 
V Autoimmune hemolytic anemia 


Type 


Cell 

mediated 


Sensitized Thl release cytokines 

© MQ or Tc 


♦ Contact dermatitis 

♦ Tuberculous lesions 


Allen 


Allergen- 
specific 



* - * 


- - * 


0 tr 


:*'» v' 


* # 


r * 


ulation 


Typ 



T 7 * r 






/ 



Cytotoxic 

cell 


antigen 


Complement 

activation 


Immune 


Type II 


Immune 

complex 




Complement 
activation 7^ 



Neutrophil 



Antigen 



hi 


I 


Type 


Time 


Min to 


F?rs to 



: irs to 


2-4 days 





Cytokines 



Activated macrophage 

Type IV 
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(type 


© 


Cell mediated (type IV) Overlap between Ab&TceJI 


More damage to sel f Ags 


1-AI hemolytic anemia 


A- Type 


2- Rheumatic fever 


hypersensitivity 


3-Good pasture's syndrome 


4-Myasthenia gravis 


5-Grave's disease 


B-Type III 


1-SLE 


hypersensitivity 


2-Rheumatoid arthritis 


3-Poststrept.glomerulonephritis 


C-Type IV 


1-Type I DM 


hypersensitivity 


2-Rheumatoid arthritis 


CTL react against 


self Ag 


Target Ag 


RBC membrane protein 


Myocardial Ag 


Protein in BM of glomeruli & alveoli 


Acetyl choline receptors on muscle 


TSH receptor on thyroid 


DNA & nucleoproteins 


Ab (anti Ig Ab are produced in joints) 


Glomerular BM 


Ags on Langerhans cells of pancreas 


Ag ori the wall of synovium 




Damage is mediated 


by both 


Clinical finding 


Anemia 


Myocarditis 


,Nephritis&lung hge 


Muscle weakness 


Hyperthyroidism 


Nephritis, vasculitis, arthritis. 







Arthritis 


Nephritis 


1 



Diabetes 



Arthritis 


Organ specific : Myasthenia gravis & Grave's ds 


Non organ specific : SLE 


.u 
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r f' Tl i - 
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^ J V 'A ' 


* .Vs. 



t serum i complement 


Igs 


levels 


Detection of specific autoAbs in serum 



rheumatoid arthritis 


F 


Detection of I Cs 


Abs against Fc of IgG in joint space 


Antinuclear Abs 


in serum & tissues 
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IqG 



in SLE 


By IF 




A# /' 






’ j 


I -RAP 


f 


Replacement & symptomatic therapy 



F 


Anti-thyroid drugs 


T' 

Insulin 


"t 

NS AIDS 


Antagonists of proinflam.cytokines Plasmapheresis 


Monoclonal Abs:Anti-TNFa 


Remove offending 


in Grave's ds 


in type I DM in rheumatoid arth. 


in rheumatoid arthritis 


/Cs or Abs 


II-Immunosuppressive drugs 


F 


▼ 


F 


O cytokines secretion 


© T cell activation by © costimulation Block T cell proliferation 


F 


F 



MQ cytokines 


© T cell cytokine:IL2 


Soluble CTLA-4 


Methotrexate 


Corticosteroids 


Cyclosporine 


BindB7 mol. 


oits binding to CD28 






Synthesis 

* Liver (mainly) 

VMQ 



Circulation 

Serum &TFs (except CSF&urine) 
In inactive form (C1-C9) 


f 

In cascade 

manner 


Activation 


© of C2 to C5 by enzymatic cleavage 


a subunit: 
released 


Elimination of pathogen 


Removal of circulating & deposited i 


Classical pathway 


1-Acivated by 


Ag-Ab complex 
( Adaptive immunity) 



complement © 


: .. — 


3-C2 & C4 


-= — 


4-C3 convertase 


5- C5 convertase 


6-Membrane attack 
complex (MAC) 


Activated 



Same : C4b2b 


Same : C4b2b3b 


C5b6789 (common 






pathway 


Lectin pathway 


^Initiation & 1«* 


Ab :lgM (most efficient) or IgG3,l,2 

I Binds 

Micrqbiaf surface or othe r Ags 

Conformational change of Fc (CH2) of Ab 

of Cl q 


r 


IcG I 
antibody 


L 


Clr2S2 


Mannose binding lectin (MBL) 

[ structurally similar to Ch 

| Binds 

Polysaccharide on microb.surface 

(not found on human cells) 
Conformational change nf mri 


% ■* 


ti - r ' 


” 1 n 
iff I 


.1 c 1 *r 




u 1 1 


Cell 

surface 


% 




© of MASP1 & MASP2 

(man. bind. lect.assoc.protease) 

[structurally similar 


If 


^ ^ ^ 

Activated Cl cleaves C4 & C2 into: I Activated MASP1&2 cleaves C4 & C2 into: 


m 


I 


fragments 


ii.2 large fragnnents:C4b&2b bind to bacterial CW C4b2b (C3 convertase) 


3-Formation of C5 convertase 




i 

I | 


C4b2b bind & cleave C3 into: 
i.C3a : released into surrounding space 


C3b : Reacts 


C4b2b3b (C5 convertase) 



Classical Pathway 





Alternative pathway 

1 -Initiation & 1 st complement activated 

Spontaneous cleavage of C3 in plasma at low rate 


C3b (quickly hydrolysed if no microbe in circulation) 


BindsIMicrobial surface 


Conformational change of C3b 

2-Formation of C3 convertase 

C3b binds to Factor B 

C3bB 

Factor D cleaves factor B in the complex 


V 

Ba 

& inactive 


released ) 


* 

Bb 

(large & remains attached ) 


C3bBb (C3 convertase) 


Stabilized by properdin (Prolongs its action) 

3-Formation of C5 convertase 


C3bBb bind & cleave additional C3 



C3a 

Released into 


C3b 

Reacts with C3bBb 





\ 1 
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-Formation 
„ , of MAC . 

1 CaMP'iX « 

Mr 

(common 
final pathway) 



Lr 


H ■ 1 1 


:* ' 4 *> 
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C5 convertase bind &cleave C.5unto C5a (released into surrounding space) & C5b 

C5b binds C6,7,8 & multiple mol.of C9 (C9 polymerized) 

C5b6789 : Membrane attack complex (MAC) 




T SCNa 


entry of water 


Pores in target membrane 
osmotic swelling 


is of target 


Inflammation 


C5a 









Poly 


— ■* 


Plasma membrane 


hi ~ si 




Cell 



Membrane attack 
complex (MAC) 


water and 
Na ions 


C5b 



Kand 
Cl ions 



Cytolysis 


s 



ul. ofinflam.response I Opsonization I T Ab production 


Removal of immune complexes 


Insertion of MAC into CM 


1- Cytolysis : by C5b6789 (MAC) 
lysis of many cells : bacteria, viruses, fungi, parasites, VICs &tumor cells 




MAC is more critical in lysis of bacteria with 
thin CW ( more vulnerable) e.g Neisseria 

-V,»iM>ua ivu Cc. q bs ncurrinJ I 1 ' 1 'ecA‘ 0 n - 


MAC is less effective in lysis of bacteria with 


thick CW& capsule.e. 


.pneumoniae 















U-Stimu lotion of inflammatory response 


Chemotaxis : by C5a 


Attracts phagocytes 


Anaphylaxis : by anaphylatoxins (C3a,4a&5al 

xL.I.. . 3 


in «n bl 
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■<* mintH m.ulj, p.rm..binjry . 


Oi 


to site of infection 


V / “ 

Attach to their receptors on mast cells 


V 
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u 1 



I I 


(a) 


Degranulation & histamine release 


Symptoms of anaphylaxis: 


#- 


"TT“ 


/. 




t vascular permeability 


♦ Sm contraction 


I s BVs permeability 



♦ Bronchospasm 
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Migration of phagocytes 


III- Opsonization,! Ab production & removal of ICs : by C3b 



Opsonization 


T Ab production 


Removal of harmful immunecomplexes from body 


C3b coats bacteria & viruses 


C3b binds to 


C3b deposits on ICs surface 


Binds to C3bR on phagocytes 


C3bR on activated B cells Facilitate their clearance from circulation by phagocyte 


Facilitates phagocytosis 


I Ab production 


Prevent their deposition in BVs wall 


Opsonization and phagocytosis 


Microbial 
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signaling 


Enhncement of 
BCR slanalina 


Prevention of tissue damage (Type III hypersen.) 
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avoid JufeimifiijKU. 


I-Proteins on surface of self cells ******* - 


TT levels of sialic acid 


on mammalian cells 


Rapid inactivation of bound C3b 


on host cells 


€1 inhibtor 


» 


I:; 


Binds Cl 


» ■ " 


O activation of 


classical pathway 


Clq binds to antigen- 
complexed antibodies, 
resulting in activation 
0fClT2S2 


Cl INH 


prevents Cl qs2 
from becoming 
proteolytically active 


IN 




L^Cf 


i 


¥ 


Antibody 


CD59 (Protectin ) 


O ^9 polymerization 


during formation of MAC 


lot* 


9 Inhibits 


II-Serum proteins -> k 


Decay acceleration factor (DAF) 


Displaces 


f 

C2b from C4b 


* 

Bb from C3b 


Dissociation of C3 convertase 


Formation of C4b2b 
complex (classical pathway 
C3 convertase) 


DAF. 

displace 
C2b from C4b 


C4h 


DAF/ 


C4b, 


C2b 


ph •**>” 


Formation of C3bBb 
complex (alternative pathway 

C3 convertase) 


DAF 


.... displace 
Bbfrom C3b 


DAF/ 


C3b 


Bb 


Ob 




m plement 


assembly 


Cl- 


iy-cs> 
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iblti 

rvi 


i Vdl Y- 


IOV\ 


Co 


* # 


Factor I 


* 

Factor H 


Cleaves C3b 


Cofactor 


inactive C3b 


in Factor I 


(iC3b) 


action 


1 c 


Fartor 1 - mediated proteolytic cleavage 


Vi 


Proteolysis 
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1-Deficiency of complement components 



Recurrent acute (pyogenic) 
bacterial infections 

C3 deficiency is the most serious 


Loss of biological functions of complement 


i. Lysis by MAC 







© 


Hypersensitivity 

Deficiency of Cl, 4& 2 
Defect in complement activation (C3) 

Failure to remove ICs from circulation 

Deposition of ICs in BVs& tissues 
Inflammation & tissue damase 

O 

•^Type III hypersensitivity & SLE 


ll-lnherited deficiency of Cl inhibitor ( Cl INH) 

n r~m HBIHB 




Heriditary angioneurotic 


f 


‘t' break down (Q ) ofC4 &2 | 

(| serum free level of Cl,2&4) 

^twifeA A ^ * , 

/ r vasoactive amines 

* 




/ f' C3a , 4a & 5a 

(anaphylatoxins) 


$ 

t susceptibility to infections 
Chronic consumption of C2 &C4 



4, C3 


■f capillary permeability & localised edema at mucosal surface 


f 

Laryngeal edema 


> 

Airway obstruction 

III - Autoimmune diseases 


Bound Abs against cell surface proteins activate complement 

IV - Role in hyperacute graft rejection 


Cell lysis 


* • 
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Is the ability of a substance ( Immunogen ) to induce a specific immune response 

Production of Abs or activated T lymphocytes 


Is the ability of a substance (Ag) to react (bind) specifically 
with final products of IR (Abs or activated T lymphocytes) 


All Immunogens are Ags,but not all Ags are immunogens 


All 
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tout next all 


are Immunogens 
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Not immunogenic 


B cells 






A-Characters 


Becomes immonogenic 


if conjugated to carrier proteins 


Antigenic 

React ( bind) '% 

specifically with Abs 


Hapten carrier complex (Immunogen) 


Hapten 


Antibodies to i apten 


Ab production against both 


'-\y "A 


Immunize 

rabbit 


B-Examples & medical importance 


Hap ten -carrier 
conjugate 


Antibodies to carrier 


Haptens can induce drug allergy 

Penicillin 


Antibodies to conjugate 
of hapten and carrier 



If binds to serum proteins or RBCs 


Type II 


If binds to skin proteins 


Type III 


hypersensitivity 


Type IV 
hypersensitivity 


Autoimmune 
hemolytic anemia 


Arthus 

reaction 


Contact 

dermatitis 
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1 -Foreigness 


We are tolerant to self molecules 



Only foreign Ags are immunogenic 


2-Chemical composition 


are more immunogenic 


Lipids & nucleic acids aren't immunogenic unless complexed with 


than polysaccharides 


r - ~ 

Proteins 


Polysaccharides 


3 -Molecular size 


The higher the molecular size 



the more potent the immunogen 


4-Dosage 
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Below a certain dose 


Very high dose 


A/o (7) of immunity 


Immune paralysis 




5-Route of ad mini stration 






*.' +f ' 1 * »> 


Ags injected SC , IM & ID induce the strongest response 


* 


r 


Slow rate of absorption 




Ags injected IV induce weaker response 


1 


Carried directly to LNs 



Lack depot effect 


( depot effect) 


Processed to© immune cells 
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I-Characters 


^Hierived from 
different species: 

Organisms. mammals 


Share one 


or more 


epitopes 


Induce production of 

heterophil Abs 

Cross react with 

shared epitopes 


Practical Applications 
A-Pathogenesis of Rheumatic ever 

MlHeterophil Abs produced against 
group A Streptococcus M protein 

Cross react with heart protein myosin 

B-Laboratory diagnosis 


Rheumatic 
fever is a 
classic 
example of 
molecular 

mimicry 


Group A Strap present In 
ftvoal infection; expn 
'arge amounts cf M 


M prutsar 




1 ►! 


targe amounts of IgG 
M cro'.em on 


i 7 Li 


[ * - - 
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against M proton 
can bind to molecules on 
cardiac cetis that are very 
Similar to M protein 


• ^ 
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heart valves and 


r.ury o 
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Heterophil Abs in serum of patients cross react with added heterophil Ags 


diagnosis of many diseases 


j Disease 

: Causative organism 

1 -Syphilis 

Treponema pallidum 

^ Typhus feve I 

i 

Rickettsia 

3-Infectious 

mononucleosis 

Epstein-Barr virus 


Used heterophil Ag 


Test 


Cardiolipin 

(beef heart muscle + cholesterol + lecithin) 


Wassermann test 


Non motile strains of proteus 
(0X19, 0X2 & OXK) 


Weil Felix test 


Sheep RBCs 


Paul Bunnel test 








Definition 

Me Ab is an Ab produced b\ 

a single clone of B cell 

Specific for a single epitope 



Method of production 

B cells producing the desired single kind Ab 
are fused with tumor cells (myeloma cells) 

Production of hybridoma cells 


o 

Secrete the 
desired Me Ab 


> 

Long lived 

( indefinite multiplication) 


Myeloma^ 


Immortality 


Antibody production 


Hybrldom; 




. I 


Immortal antibody production 
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Phagocytosis 


Phagocytes bind ECB by 
PRRs & opsonin receptors : C3bR & IgGR 

Ingested bacteria are killed & digested 

by lysosymes 


Activated M Q secrete 


inflammatory cytokines 
Recruitment of leu kocytes 

to sites of inf. 


Humoral immunity : the main protective IR 


Neutralization Opsonization Complement activation 

By classical pathway 


Bacteria 


Antigenic variation Polysaccharide capsule : 
of surface Ag antiphagocytic 

during replication in host Sialic acid in capsulated G+ve&-ve bact. 

e.g Salmonella &Borrelia q complement activation by alternative path. 


Complement activation 

ECB activate 

alternative or lectin pathways 
Bacterial lysis,opsonization& 
enhancement of inflammation 


Neutralization 


r: 


*-£ 


Opsonization and 
Fc receptor- 
mediated 
phagocytosis 


Phagocytosis 
of C3b-coated 
bacteria 


Inflammation! 
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Lysis of microbe 
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Cytokines and 
hftic enzymes 


Eosinophil 


V 




Toxic BP 
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Phagocytosis 
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Although it is 


Phagocytes release 


I' 


' *3- Antibody 


the main mechanism, their granular contents 

many parasites resist killing v . u . * 

± e Kill too big parasites 


Complement activation 

Parasites activate 
alternative pathway 


Replicate within MQ 


to be phagocytosed 
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